Background: The increasing demand for labiaplasty is well recognized; however, the procedure remains contentious. Objectives: We aim to provide a large-scale, up-to-date analysis of labiaplasty outcomes and factors influencing postoperative sequelae (POS).
functional concerns, such as irritation in certain clothing or tugging during sexual intercourse. 3, 4 Studies have found that women may experience psychological and functional improvements after labiaplasty, including greater confidence in sexual relationships, resolution of discomfort when exercising, and relief from feelings of self-consciousness. 4, 5 Moreover, previous research has demonstrated consistently low complication rates, between 2% and 13%. [6] [7] [8] However, the procedure remains controversial, with critics suggesting there is an inadequate body of literature examining the postoperative satisfaction and risks after labiaplasty, including a lack of long-term follow up. 8 Others believe the procedure to be particularly unnecessary in the adolescent population, suggesting that the labia majora are likely to continue growth in early adulthood, descending to a level where the labia minora do not appear as prominent. 9 Given the need for further studies to confirm the safety of the procedure and the controversy surrounding the younger population, the aim of this study was to report complications and rates of revisional surgery after labiaplasty in a large, single-center series, encompassing adolescent and adult women. Our secondary aim is to identify preoperative characteristics that may be associated with the development of complications and revisional surgery.
METHODS

Patient Selection and Outcome Variables
Analysis of a prospectively maintained database of consecutive females undergoing labiaplasty at a single center between May 2002 and May 2017 was performed. Institutional Review Board (IRB) approval for this study was granted by the Beth Israel Deaconess Medical Center IRB. Patient characteristics included age, race, body mass index (BMI, in kg/m 2 ), comorbidities (diabetes, hypertension, high cholesterol, anxiety, depression, thyroid disease), history of sexual assault, history of female genital surgery, medications (use of blood thinners, oral contraceptive pill, or hormone replacement therapy), menopausal status, smoking status, previous vaginal delivery, and whether they were sexually active. Indication for surgery was listed as any combination of aesthetic or appearance-related, functional (nonsexual), functional (sexual, hereafter referred to as "sexual dysfunction," which was patient-reported), discomfort, chronic urinary or vulvar infection, postmassive weight loss, or other. For the purposes of modeling the latter three were collapsed into a single category.
Procedural details included laterality (unilateral or bilateral), additional procedures (labia majora reduction, clitoral hood reduction, labial fat grafting, radiofrequency treatment, vaginoplasty, other), length of surgery (minutes: time of entering operating room until time departing operating room), and anesthetic type (local or general). Postoperative details included the development of postoperative sequelae. This included need for revisional surgery, in addition to wound dehiscence, bleeding, hematoma, wound infection, other infection, numbness, pain, dyspareunia, need for readmission, need for antibiotics, and venous thromboembolism. We also included length of follow up (including last documented follow up and time since surgery), and length of stay in days.
Statistical Analysis
All statistical analyses were performed using IBM SPSS version 22.01 for Mac (IBM Corp., Armonk, NY). Fisher's exact or chi-square tests were used to compare categorical variables between those developing complications and those not (with respect to number and percentage of cases), while the independent t test or Mann Whitney U test was used for continuous data (presented as mean and standard deviation). Binary logistic regression modeling was performed to adjust for confounding when analyzing factors affecting the odds of developing postoperative sequelae (complications and revisional surgery); variables that were significant on univariable analysis were included in the multivariable model. Results are presented with odds ratios (OR) with 95% confidence intervals (CI). Additional subgroup regression analysis was also performed on those aged 18 years or more, while characteristics of those under 18 are summarized. Statistical significance was determined when P < 0.05. Graphical features were developed using GraphPad PRISM Version 6.0e.
RESULTS
Over the study period, data for 451 consecutive cases were retrieved. The number of annual cases increased over time, from 1 in 2002 to 47 in 2016 (Figure 2 ). Most patients were Caucasian (74.7%), sexually active (59.9%), and premenopausal (79.2%). Mean age was 32.6 years (range, 14-68 years), including 31 teenagers and ten patients under the age of 18. The most prevalent comorbidities were depression (14.6%) and anxiety (5.8%), while 11.8% were smokers. The most common indication for labiaplasty cited was aesthetic (81.6%); other causes included discomfort (61.4%), nonsexual function (54.5%), sexual function (12.2%), chronic urogenital infection (1.1%), and weight loss (0.4%) or other, unspecified (0.4%). Four hundred and five patients underwent wedge excision, 38 edge trim, and 8 "other." Seventy-eight per cent of cases were bilateral, and the most common concomitant procedure was labia majora reduction (7.3%). All were same-day outpatient procedures and a majority were performed under local anesthetic (76.3%). Patient and operative characteristics for the whole cohort are summarized in Table 1 . When isolating those ten patients aged less than 18 years (range, 14-17 years) we found that all were Caucasian, 9/10 listed discomfort and appearance as their indications for surgery, while none indicated sexual dysfunction as a reason. No one in this group underwent concomitant procedures.
Follow up time was available for 352/451 (78%) patients. Mean documented length of follow up for the whole cohort was 4.1 months (range, 0-92 months), while mean time since surgery was 6.2 years (range, 0-15 years). During this time, 32 patients had postoperative sequelae, including revisional surgery (7.1%) ( Table 2 ). Thirty of these occurred in those undergoing wedge excision and the rate of postoperative sequelae (POS) did not change over time. The most common cause for revisional surgery was wound dehiscence, which occurred in 16 patients. Of note, these most frequently occurred at the leading edge of the closure, creating a notch ( Figure 3 ). Thirty-one patients required revisional surgery; removing those that had revisional surgery without medical complications, the true complication rate was 3.8% (n = 17). Two patients under the age of 18 underwent revisional surgery: one for wound dehiscence, one with no medical complications. When comparing those who with postoperative sequelae (including revisional surgery) to those who did not, there were no significant differences in age (29.9 ± 7.8 vs 32.8 ± 10.2, P = 0.210), BMI (24.2 vs 22.1 kg/m 2 , P = 0.091), race (a majority were white, 84.6% vs 86.1%, P = 0.582), or comorbidities (P > 0.05). There was a larger proportion of smokers vs non-smokers in the group with postoperative sequelae: 21.9% vs 11.0%, although this was not statistically significant (P = 0.083). Those with postoperative sequelae were more likely to indicate sexual dysfunction as a reason for surgery (31.3% vs 10.7%, P = 0.002). On univariable binary logistic regression, the only significant factor was sexual dysfunction as an indication for surgery, which increased the odds of postoperative sequelae, including revisional surgery (OR 3.778, CI 1.682-8.483). No other factors affected the odds of postoperative sequelae (Table 3) .
When performing a subgroup analysis of the adult population (n = 441), univariable analysis revealed an increased chance of postoperative sequelae with smokers (OR 2.576, CI 1.044-6.357) and sexual dysfunction as an indication for surgery (OR 4.022, CI 1.772-9.131) ( 
DISCUSSION
The increasing demand for labiaplasty, particularly in a younger population, warrants careful review of the postoperative outcomes and assessment of factors that may contribute to complications and revisional surgery. In this single-center consecutive evaluation of outcomes we found low complication rates, with an absence of major complications. We also identified that smoking and sexual dysfunction as an indication for surgery may increase the risk of complications and revisional surgery.
In the senior author's (C.H.) practice, patients are routinely invited back at two weeks, two months, and one year postoperatively; however, many who live far from the practice or have no postoperative concerns decline further follow up. We identified a postoperative sequela rate of 7.1%, and a true complication rate of 3.8%. Although average documented follow-up time in the present study was approximately four months, the mean time since surgery was just over six years. Therefore, we might assume that those who do not seek formal follow up have no issues and as such, we believe our results suggest a long-term, low complication rate. Lista et al published a retrospective review of 113 cases of labiaplasty performed using the edge excision technique between 2007 and 2014. 6 Results showed that while 13.3% of patients reported transient symptoms of "swelling, bruising and pain," only one patient developed a medical complication (bleeding) and four patients required revisional surgery to excise further redundant tissue or correct asymmetry. Results of a small series by Gonzalez et al showed that among the 50 consecutive cases of "custom flask labiaplasty" performed between 2007 and 2010, only one minor complication (wound dehiscence, 2%) was observed. 8 Indeed, a cadaveric study performed by Kelishadi et al revealed the heterogeneity of the labia minora nerve supply, concluding that labiaplasty was unlikely to cause loss of sensation. 10 Moreover, although concerns have been reported by the Royal College of Obstetricians and Gynecologists about the ethics and safety of the procedure, previous authors have suggested that lack of cosmetic surgery training within obstetrics and gynecology may be what leads to poorer outcomes, and we believe that in the hands of a qualified, experienced plastic surgeon, excellent outcomes with low complication rates can be achieved. 11 A B The same logic has been applied elsewhere in plastic surgery: statements from the American Society of Plastic Surgeons (ASPS) have highlighted the need to educate patients on the importance of approaching board-certified plastic surgeons for consultation on plastic and reconstructive procedures, rather than nonboard certified physicians.
Moreover, when considering labiaplasty in the broader context of outpatient plastic surgery, our complication rates are comparable, or superior to, that of other index procedures, including breast reduction 12, 13 and abdominoplasty. 14 While there are those who may oppose these forms of plastic surgery, these procedures can have both functional and aesthetic benefits, and it is evident that labiaplasty is also performed for the same indications. 3 Although complication and revision rates are low, it is important to evaluate factors that may increase the chances of postoperative sequelae. Results of the present study implicate sexual dysfunction as an associative factor in increased odds of postoperative sequelae after labiaplasty. There could be a variety of reasons for this finding. Patients who feel their labia impact negatively on their sex life may be more inclined to resume sexual activity postoperatively, potentially earlier than recommended by their surgeon. Their eagerness to prove their surgery has positively changed their situation may lead to early sexual activity and a potential for wound disruption. Another reason may be the psychological impact that their perceived labial abnormality has had: because of the deeply personal, sexual nature of the issue, the individual may have higher expectations of the postoperative outcomes than others, and a subsequent increased desire for revisional surgery if the results are not as anticipated. Previous research has suggested that there is a higher prevalence of body dysmorphic disorder (BDD) in those seeking cosmetic plastic surgery, and that these patients are likely to experience poorer outcomes postoperatively, with an increased rate of revisional surgery. 15, 16 A study by Sharp et al postulated that their cohort of patients undergoing labiaplasty may have had a higher rate of BDD, as although not formally examined, they had a high proportion of cases who had undergone previous cosmetic surgery. 5 We did not examine this potential association; however, if those with sexual dysfunction were more likely to have an undiagnosed BDD, this might account for the increase in postoperative sequelae.
The other potential risk factor identified in this study was smoking. Smoking is a well-known risk factor for poor healing, yet the influence of smoking on postoperative outcomes after labiaplasty has previously been poorly characterized. Although not significant on multivariable analysis, within the adult subgroup of the present study, smoking trended towards increasing the odds of postoperative sequelae. Goltsman et al analyzed the American College of Surgeons National Surgical Quality Improvement Program, evaluating the impact of smoking on plastic surgery outcomes in 40,465 cases. 17 Smoking was found to significantly increase the odds of complications, including wound dehiscence; however, although the authors subcategorized by anatomic location, labiaplasty was not specifically noted, nor even the urogenital region. Wound dehiscence was the majority cause of revisional surgery within the present study and it may be that smoking increases the risk of developing wound dehiscence in the female genital region, as it is a risk factor for delayed wound healing in other anatomic locations. 17 The senior author's policy is to routinely provide smoking cessation advice and strongly recommend not smoking for four weeks preoperatively and postoperatively. In patients who do not stop smoking preoperatively, the technique is modified to an edge resection instead of a wedge resection. The edge trim technique has been shown to maintain more of the segmental vasculature to the edge of the labia minora. 18 However, it is important to note that our analysis also included revisional surgery without medical complications, and so we extend our discussion to hypothesize what the association between smoking and revision for causes other than a medical complication could be. Smoking was associated with reduced scar redness in a series of 49 patients undergoing reduction mammaplasty; the authors suggested that a poorer blood supply to the area might dampen the inflammatory response and result in superior scar cosmesis. 19 It is difficult to understand why a smoking population may have a tendency toward increasing revisions in the absence of complications. It may be that there are personality traits more commonly associated with smoking, which lead to these outcomes. A recent prospective psychological study evaluated the relationships between five particular personality traits, including neuroticism and conscientiousness, and nicotine dependence. 20 The study compared outcomes in 2474 smokers and 2566 nonsmokers. Results showed that smokers had significantly higher levels of neuroticism and lower conscientiousness than nonsmokers. These findings have been corroborated by others studies, and, if true, could underpin our findings. 21 Neuroticism (a greater tendency to experience negative emotions) could lead to increased dissatisfaction with results and a heightened desire for revisional surgery, while lower conscientiousness (including self-discipline) could lead to a lack of compliance with postoperative instructions and higher wound dehiscence rates. Further research is needed to truly understand the role that smoking has in postoperative sequelae after labiaplasty.
There is a younger, nonadult population who undergo labiaplasty. Recent American Society of Aesthetic Plastic Surgery statistics show that 5.2% of labiaplasties in 2016 were in those aged 18 years or under. 1 Our study included ten patients under the age of 18. Only one of these developed a medical complication postoperatively. A review of cosmetic and reconstructive breast surgery in the adolescent population by Crerand and Magee considered the psychology, ethics, and legalities of such surgery. 15 They suggest that the adolescent population is particularly vulnerable to psychological difficulties, recommending careful assessment of the individual's cognitive maturity and understanding of the procedure. Although sparse, previous research has demonstrated that adolescents may derive significant psychological and functional benefits from certain procedures, such as breast reduction surgery. 22, 23 Moreover, in our cohort, while nine of the ten cited appearance-related indications for surgery, the same number also cited discomfort as a reason. When consulting with adolescent patients, the senior author routinely speaks to both the patient and the parents initially. Parents frequently do not understand their child's concern with the appearance of the genitalia. Education with the aid of diagrams and photographs helps both the patient and the parent understand the variation of anatomy in the area. The issue in adolescent patients is frequently asymmetry, where one side of the labia minora (the larger side) developed normally and the other failed to develop past a prepubertal size. Labiaplasty may be appropriate in adolescents with significant asymmetry or hyperplasia if the presence of excess labia affects the physical or emotional wellbeing of the patient. We believe that with careful preoperative discussion and counseling, and careful patient selection, labiaplasty can be safely undertaken in the adolescent population.
The findings of this study should be interpreted within the context of the limitations. While providing analysis of complications and revisions, we did not evaluate postoperative patient-reported outcomes, which would have added further depth to our study. However, this large series of adolescent and adult patients undergoing labiaplasty benefits from the analysis of data extracted from a prospectively maintained database. Moreover, all surgery was performed by a single surgeon, eliminating the potential for bias arising from varying surgical technique.
CONCLUSION
Labiaplasty may be important in alleviating a spectrum of physical and appearance-related symptoms in women, ranging from adolescence to adulthood. We believe that evidence supporting the safety and efficacy of the procedure is growing, and that results of the present series support this trend. Sexual dysfunction as an indication for surgery and smoking may impact postoperative sequelae; however, in experienced hands, excellent outcomes with consistently low complication rates can still be achieved.
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